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Abstract

AIM: To investigate the effect of N-acetylserotonin
(NAS) on hepatocyte apoptosis after liver ischemia-
reperfusion (I/R) injury in rats.

METHODS: Adult male SD rats weighting
200-250 g were used. The afferent vessels
of the left and median lobes were occluded
by a microvascular bulldog clamp and then
reperfused after 60 min with or without NAS.
The morphologic changes and hepatocyte
apoptosis were evaluated by hematoxylin-
eosin (HE) staining and TUNEL (terminal
deoxynucleotidyl transferase dUTP nick end
labeling) staining, respectively. The expression
of Bcl-2, Bax and activated Caspase3 was
evaluated by immunohistochemistry.

RESULTS: The hepatocytes exhibited marked
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ballooning hydropic degeneration and focal
necrosis in the I/R group. NAS pretreatment
rescued the morphological damage. Compared
with the sham operation group, the expression
of cleaved Caspase3, Bcl-2 and Bax in the liver
tissue was increased, and the ratio of Bcl-2/
Bax was decreased in the I/R group (P < 0.01).
The apoptosis index (AI) and expression of
cleaved Caspase3 and Bax were decreased in
the NAS intervention group compared with
the I/R group (P < 0.01), and the expression of
Bcl-2 and Bcl-2/Bax ratio were increased (P <
0.01).

CONCLUSION: NAS could attenuate hepatocyte
apoptosis after liver I/R injury via mechanisms
possibly associated with induction of Bcl-2
protein expression and inhibition of Bax protein
expression in hepatocytes.

© 2015 Baishideng Publishing Group Inc. All rights
reserved.

Key Words: Ischemia-reperfusion injury; Apoptosis;
N-acetylserotonin; Liver; Rat

Jiang ZC, Liang CH, Wang HL, Chen Y, Zheng ], Yu
SN, Jiang JY. Effect of N-acetylserotonin on hepatocyte
apoptosis after liver ischemia-reperfusion injury in rats.
Shijie Huaren Xiaohua Zazhi 2015; 23(9): 1387-1394
URL: http:/ /www.wjgnet.com/1009-3079/23/1387.asp
DOIL: http:/ /dx.doi.org/10.11569/wcjd.v23.i9.1387

Bay: N- -5 (NV-acetylserotonin,
NAS) (ischemia-reperfusion,
I/R)
Fik & s,
(Sham) . I/R I/R+NAS
I/R , , HE
; RT-PCR
Caspase3. Bcl-2 Bax ; TUNEL
(apoptosis index, Al).
#R: (HHE , IR
, NAS I/R
; (2) Sham
, /R Al Caspase3.
Bcl-2 Bax , Bcl-2/Bax
(P<0.01), NAS Al (P<0.01),
Caspase3 Bax , Bcl-2
1388

Bcl-2/Bax (P<0.01).
2518 NAS Bel-2. Bax
, Caspase3 , I/R
© 2015
; V- -5-
: , N- -5- (V-
acetylserotonin, NAS)
(ischemia-reperfusion) R
NAS Bcl-2/Bax N
Caspase3
N-
—5-

2015; 23(9): 1387-1394 URL: http://
www.wjgnet.com/1009-3079/23/1387.asp DOI: http://
dx.doi.org/10.11569/wcjd.v23.i9.1387

03I

FF 8 I -V (ischemia-reperfusion, I/R)¥545
FE AR J5 D] 5 SO L W A0 AS 2 A5
I — BT[], E E TPk 2 BRI I P I Ty e
AMUFA RIS, [t — S IME R ER, =&
RJEHDIRE R BARERER LR, £
% Tl RE S vl Y B A, A R TR R
D R I AF 3 R 00 B A7 0 8 1) B 2
R, R, BT AP URB G AL
AP AETT LR 8 77 % o H AT
WIS N-LE-5-F2 B i (V-acetylserotonin,
NAS)R—Fhoi B A BRI A HU AR, &
FHHFFRTVEIR, NASHIRAR SR IR- 2. H,0,
75514 22 Fh 4 i ) S A, (R R BRUFI/R
005 2 A HA DR R DL AR IE . B FEK
FIRFU/RSAT (s A B, SN A SKE AT I/R 45
A5 i 440 R T P R e, e e e A R T G
H HBcl-2fBax®E H 3L, TR H AT BERI/E
FABLE, I I/RI A (B i6 S AR 188 £,
JINASH R FH T 368 4.

1 RS

1.1 & RAFERZFSDARISH, WH 1L
REPUHRI 254 RA A, A 5TE200-250 g. NAS
4 H SigmaA ], %24 Caspase3Hi4& T H Cell

2015-03-28 | Volume 23 | Issue 9 |



Signaling, Bel-2F1Bax#i {4 H Santa Cruz/A w],
TUNELZ ., @HRPUEMREA - E 1L
i} 3% £ (SP) MID A B2t i 771 & 48 W |5 1 - il
AF], TRIzoBRFE B LAY TREER A,
RevertAid™ M-MuLVi¥i#; % 8% 5 Fermentas
2\ ], Taq DNASE & il H BBIA A

1.2

1.2.1 I/R :
& MAERZFSDAMI8H, BEHLA iSham
1. URAFI/RHNASHYL, &6 H. YRR
KEARFTBEEE A, B HRK. F %0 E 244
40 mg/k gl SRR, FAEHIEHRDIO, T
A Je 2 B Ae . et R 2 3, R
FF /R A TS SJe B Jig B 90 30 € 41 €A
NG R, R HIERD). 60 minf5 2%
ik I3 e S IR T R RE Y, 6 hA BB KRR, T
JFAAER, 43P0 oy — 8 e UK AR 3 3k /K ok 25
MG, RiEENGAE, TWERERE, H
TRT-PCRAGI; 3 —& 7 HFHZ %4 g/LZ R
FH 8 1] 7 3 AR, 30% BEME DU 1, VKU
(810 pm), H THEG A, G B %
KTUNEL# . NASAHEIEHAT30 minfi i
HESF10 mg/kg NAS, A5 A FT/RIA 4.
ShamZH A AT BRI I I 53 B I3, HLAS BELIBT T

M.

122 O FHERL (R, S8 T
S L2k

1.2.3 : K H SPi%4T Caspase3

(1:200). Bel-2(1 :200). Bax(l : 200)%%
AU g, IPBSAE — BB T 8, ot
SRMB I EE. A

1.24 TUNEL  : $ZHaGR S rud B AP IR, A
[ SE6 AL V) R 40 0l 464% 22 5% FR RS s 1 5
3%H,0,%f . DIG-dUDP#FE . 1 : 100/)$T
W PN E . DABRE M. B Z 8 i
Ky THIEW PR . IPBSRE

TR EL35K Y Fr, Bk V) i B FE 1
X 4 U 2210~ 400f LT, 2508 T 1 4 i
B A S K, AR DL A R B TR S
(apoptosis index, AT), AI = ( T-4H fu 5/ 2. 41 i
#0) X 100%.

1.2.5 RT-PCR  : #RNAHREHRF & Ui
RIUERNA, FUV-1206% 48735 6 B 1
EH260 nmA1280 nmK AN WL FEEAE, it

Beishideng®  WCJD | www.wjgnet.com

N- -5-

FHAE, 10 g/LEIRHERER UK RN A
M 5e M. fRA7T-80 CukFE & . R
Bcl-2. BaxfIGAPDHImRNAF %, A
Primer55| )it M, wal®rsl, kL
gAY TRREA R A A G K. Bel-2 EliE514:
5'-CGGGAGAACAGGGTATGA-3', Fifi5l
): 5-CAGGCTGGAAGGAGAAGAT-3,
H br A Be K149 bp; Bax L7 514: 5'-GGCG
ATGAACTGGACAAC-3', FiF514: 5'-TCC
CGAAGTAGGAAAGGAG-3', Hkr Btk
301 bp. GAPDH L 514): 5'-CTCATGACC
ACAGTCCATGC-3', Ni#51#): 5'-TTCAGC
TCTGGGATGACCTT-3', H#Ax )} BK451 bp.
}%Revertard™ H Minus First Strand cDNA
Synthesis Kitf it #]& HicDNAK) 5 —5E. F7)
HIBEATBCcl-2FIBax{IPCRY 1, Bel-2F1Bax sy
5 W2 BMGAPDHAE A —AME RN EATH 1
. 20 g/ LEEARFEGEIR (& IR £5€0.5 pg/mL)
HiJk, GDS80003 fif Bif% 73 Hr R A M Grab-
IT2.9% M4 M sk iy, R H I ER S5 A 2
M (B-actin)y 34 K ZAE 2 t, BI43 H 12K
mRNA AR Ik &

Fr B £ imean = SDER IR,
K HISPSS17.048 v 8kt 25 Rae AT o i, Jeit
1777 Z TR B, PR REAS [ S B LR ek 56
BRI SG, f it Ko = 0.05. P<0.05 8% 5
Boi e L.

2 B8

2.1 NAS IR /Nt 2
FIZEEL, AR K, 2oKAEAEE, AR
PEIRIE; PEA VIR /INMACRD 28 Al i, DLV
DCRIIRBE L J B D9 B v ohe e Jok S JH St g™
k. NASH2H 3000 B Rz, /Nt 4
FEARIEH, b g i K 2 FH 200 ek e A
oI R BRI 1).

2.2 NAS TUNEL% £
24 i P 2 I 9 2 A R R B, BH 4 i
RFE N, TEASARN. ShamZ {5 WL TUNEL
FEELN M, ATN1.08%+0.06%; VRZALIEICE X
JE BB A WK B R TUNELFAYE F 40, AT
22.81%+4.15%; NASZH BH 20 ffa (1 50 IR
HIgb, ATAN11.37%+1.03%(1K2).

2.3 NAS Caspase3 T
A et R EIR, BiG B Caspase3 &

1389

Bl £ &4

, NAS

H,0,

I/R

2015-03-28 | Volume 23 | Issue 9 |



% 8 =
NAS
I/R
Bcl-2. Bax
Caspase3
, NAS
/R
NAS ’
1 NASBEREI/RIFAHETS [REHIAFLBIEEIZZSoNES 400 x ). A: Sham  ; B: I/R ; C: I/R+NAS . Sham: CI/R:
; NAS: V- -5-
D 301
a
25+
20+
8157
2 d
10}
5 |
L
Sham I/R I/R+NAS
2 NASTFFREIGTUNELPRIELBIR# S92k, A: Sham TUNEL  (200x ); B: /R TUNEL  (200x ); C:
I/R+NAS  TUNEL  (200x ); D: 3 Al P<0.05 vs Sham ; %P<0.01 vs I/R . Sham: D I/R: :
NAS: V- -5- JAL
FEPEF= AL T I A0 A A% . ShamZAf5 . 2.4 NAS Bcl-2/Bax S H
Caspase3 FHPEFIFF40A; URZAFF/NHANCEX Sk E BN, Bel-2HIBax G4 N FH 14
Al R & AIRH A4 HE; NAS TS Caspase3 M3 ZA T AT 40 B AZ FI4 2% . ShamZL wT WL
PR LA SR (3). A EBel-2ABax AN, PRI SR 7E
Raishideng® WCJD | Www.wjgnet,com 1390 2015-03-28 | Volume 23 | Issue9 |



EZR&E
NAS
Bel-2. Bax
I/R
I/R
NAS

3 NASEERARI/RIRIFETS |F2BYCaspase3iiE1L(200 x ). A: Sham
: NAS: V- -5-

IR Z, NASTFilJm, Bel-2FH M4 i £
/RAT . BaxPEK(E4). RT-PCRELIIZ IR,
Bel-2F1Bax mRNAZK 12540 5 % 2H 44k
Skl ) g5 A4, FF HI/RA M Bcl-2/BaxH]

;B: I/R ; C: I/R+NAS . Sham: i I/R:

TEAL S A0 R RRER B K B AR BRI, R
BB URE A

NASE T MWK R, 1ER TN E K
J&, TEFRI| WA S R B AR T A P Ak

oAl B T AR 4L(P<0.01), TR TURWNASH R BB TIEN, AMTEINASHLZ
(P<0.01)(K5). PR R ETR, B EE I A, BRIR.

3 e

VRGNS 070 BEDIBR S AR e (1 R 55
SRR R R LR B AR, HA O AR R
A S5 D RERIVR S M IE f A2, 5B PUs

I R s, SN, B AR P
LR TR R, NASH S E & 4 2
m B B R (Food and Drug Administration,
FDA)LAEH Tl IR, Fo7 o2 etk ez
FAL B AL S AR, NASHIPTEAE

EAEMR. FFURSGALEI R 2%, BATMART CRONE S TR
VR ITAERMBT IR, ARET2 S Barsacchi® ™" DL L RE M FEREAE At
Tl B BB RN BRSNS REABUG AR, KR R ATH,0, 1 S

FOT/RAZ A (s B AR, T T4H B T iR X
BB AR /R PR, PRI 5 20 B ) T2 1
RIZ, % T F R M U/RIG A7 148 it A7 B 2
=98

AR Y, KRk S 5 T RIS
AR YE T, AEVRAGAS T, Sk A Il e i ik
CEFENH A E R, A R TR
BRI, EMPTHFLIF I, S fiinm i 14 3
hns SRR EHEEL . 41 A 4 25 C(cytochrome c,
Cyte) 5 R AR I8 T 7R DRtk ZRkifA
RERROS A 237, X ZROSIEMH £

Beishideng®  WCJD | www.wjgnet.com

2L M A AN ORI R F, 348 W fin = 4
AEZRERTHFE, TN A S 77 & 4O 1% 1 bt
FAIEH, FFRIX —VER AT R SNASHI A
fE /14555, Sadowska-WodaZ5P BiE 52 TNAS
X} beta-cyfluthrinifs 5 £14H H A A 17 453 i R A
H, TiMell TE A . AguiarE™ LUK = A 7E
S 6- 23k 2 & ] 8 SURAAR S A4 1O K B
A, RIINAS ] SCE SV 3 D fe, $mphs
ThREVF4r, Bachurin® ™A NNASHIX—1E
5 B R A e P PR 38 v G %, R, A
WFFTUESE T NASXTH4HM . #heguil, e b

1391

2015-03-28 | Volume 23 | Issue9 |



JBaishideng®

4 NASYIATI/RIG{AGBCl-2F0BaxEBEHFRIANVEZIMN400 x ). A: Sham  Bcl-2  ;B:I/R Bcl-2  ; C: I/R+NAS
Bcl-2 ; D: Sham Bax ;E: I/R Bax o F: I/R+NAS Bax . Sham: /R ; NAS:

d
b I
2 3

GAPDH
1
5 NASTFHIGBc-2F0Bax mRNAZRIAEYZL. A: Bcl-2  Bax mRNA :B:Bcl-2/Bax . 1:Sham ;2 I/R
13 I/R+NAS . °P<0.01 15 Sham ; °P<0.01vs I/R . Sham: /R i NAS: V- —5-

FEANfE . LA, RERANAE . 0B T A
60 B 52 AL b Bz 44 L S5 22 b 240 TR S AR A £ 1) R
PHERP). Stuss@PHIESL TNASK AR 2 55
S B BTS2 A AR A AR AR
PER B EMel58, L IRHF 7T BFIN A SHIFTA

WCJD | www.wjgnet.com 1392

A 2 AEMe IR B 1, NAS K HATAY AT
TR S8 5 ) 4H M SE T
RAENASK 2. 4. H,0,i% F s
S B AR 1 ) LR R 2 a8 DL R AR PR R
XF 2N MRS E VRSV B RER, Ak

2015-03-28 | Volume 23 | Issue9 |



56 = B B B0 T AE S T N A S H,0, 5
FEHep G241 i Caspase3 Hidfl . ki
FE SR BE 1A T B AN Cy te S5 8 T IR 1 IR RE TR 55
g Al DUHENIN A S AT 96k K PP /R 5 4%
JE R T, NI IE X — 1, AR
P60 min. FEEVE6 hifi & /RIS
RS HE Y (0 I TUNEL 4 (0 00 22 FF 2 it £ 7
AT, 45 R R IINAS AR T/RH
3 B 51 & (1 P 2R S5 0 IR . BT 4
MIEIAT, $27RNASH] AR /R J5 1 24
AT

S RO TR — AN B — &R BRI
YA B FE TR RE, T8 A 2 I U T U T R A
i, 5 Rl B e -2 8 A 5 IO A 32 G TE.
Bel-2 88 A 55 A 28 R 1A 4 12 41 R T2 ) 32 2
VA R, T AR R R g, T
CytcE AL TR TR, Bel-2&E AR
i AL, 0 )RR 3 9F T F R S T BB R 1 R
FUR, HABel-272 i FE R T3] 5L
Bax & i FEM R T ARSI N, 3 1t
R ENM RS RAER T R EER R, A
W4 R BN, SURMMLEL, NASTFi41AT
FE{K(P<0.01), WG Caspase3fBax 3R IA
FEAK, Bel-25R1A R, Bel-2/Bax B A=
(P<0.01). HERNASH ] HI/RA4% 5 48 i
FT A, HNASHIRIFEA 5T Bel-2/
Bax WA 5%,

4  SEXE

1 Hasegawa K, Takayama T, Orii R, Sano K,
Sugawara Y, Imamura H, Kubota K, Makuuchi
M. Effect of hypoventilation on bleeding during
hepatic resection: a randomized controlled trial.
Arch Surg 2002; 137: 311-315 [PMID: 11888456
DOI: 10.1001/archsurg.137.3.311]

2 Gavazza MB, Catala A. Protective effect of
N-acetyl-serotonin on the nonenzymatic lipid

peroxidation in rat testicular microsomes and
mitochondria. | Pineal Res 2004; 37: 153-160 [PMID:
15357659 DOI: 10.1111/j.1600-079X.2004.00150.x]

3 Gavazza M, Catald A. Relative efficacies of alpha-
tocopherol, N-acetyl-serotonin, and melatonin in
reducing non-enzymatic lipid peroxidation of rat
testicular microsomes and mitochondria. Mol Cell
Biochem 2009; 321: 37-43 [PMID: 18758914 DOI:
10.1007/s11010-008-9907-1]

4 Leaden PJ, Catald A. Melatonin and N-acetyl
serotonin inhibit selectively enzymatic and
non-enzymatic lipid peroxidation of rat liver
microsomes. Prostaglandins Leukot Essent Fatty
Acids 2007; 77: 29-35 [PMID: 17681744 DOI:
10.1016/j.plefa.2007.06.001]

Beishideng®  WCJD | www.wjgnet.com

10

11

12

13

14

15

16

17

N- -5-

Garcia JJ, Reiter RJ, Karbownik M, Calvo JR,
Ortiz GG, Tan DX, Martinez-Ballarin E, Acuiia-
Castroviejo D. N-acetylserotonin suppresses
hepatic microsomal membrane rigidity associated
with lipid peroxidation. Eur | Pharmacol 2001;
428:169-175 [PMID: 11675033 DOI: 10.1016/
50014-2999(01)01342-5]
Jiang J, Yu S, Jiang Z, Liang C, Yu W, Li J, Du
X, Wang H, Gao X, Wang X. N-acetyl-serotonin
protects HepG2 cells from oxidative stress injury
induced by hydrogen peroxide. Oxid Med Cell
Longev 2014; 2014: 310504 [PMID: 25013541 DOI:
10.1155/2014/310504]
Zhang Q, Fu H, Zhang H, Xu F, Zou Z, Liu
M, Wang Q, Miao M, Shi X. Hydrogen sulfide
preconditioning protects rat liver against
ischemia/reperfusion injury by activating Akt-
GSK-3p signaling and inhibiting mitochondrial
permeability transition. PLoS One 2013; 8:
e74422 [PMID: 24058562 DOI: 10.1371/journal.
pone.0074422]
Dogan S, Ozlem Elpek G, Kirimlioglu Konuk E,
Demir N, Aslan M. Measurement of intracellular
biomolecular oxidation in liver ischemia-
reperfusion injury via immuno-spin trapping. Free
Radic Biol Med 2012; 53: 406-414 [PMID: 22634144
DOI: 10.1016/j.freeradbiomed.2012.05.028]
Guan LY, Fu PY, Li PD, Li ZN, Liu HY, Xin
MG, Li W. Mechanisms of hepatic ischemia-
reperfusion injury and protective effects of nitric
oxide. World | Gastrointest Surg 2014; 6: 122-128
[PMID: 25068009 DOI: 10.4240/wjgs.v6.i7.122]
Jaeschke H, Woolbright BL. Current strategies to
minimize hepatic ischemia-reperfusion injury by
targeting reactive oxygen species. Transplant Rev
(Orlando) 2012; 26: 103-114 [PMID: 22459037 DOI:
10.1016/j.trre.2011.10.006]
Javadov S, Hunter JC, Barreto-Torres G,
Parodi-Rullan R. Targeting the mitochondrial
permeability transition: cardiac ischemia-
reperfusion versus carcinogenesis. Cell Physiol
Biochem 2011; 27: 179-190 [PMID: 21471706 DOI:
10.1159/000327943]

/

2012; 20: 1495-1501

’ ’ i

2012; 20: 1178-1183

. 2013; 21: 3617-3622
Simonneaux V, Ribelayga C. Generation of the
melatonin endocrine message in mammals: a
review of the complex regulation of melatonin
synthesis by norepinephrine, peptides, and
other pineal transmitters. Pharmacol Rev 2003; 55:
325-395 [PMID: 12773631 DOIL: 10.1124/ pr.55.2.2]
Oxenkrug G. Antioxidant effects of
N-acetylserotonin: possible mechanisms and
clinical implications. Ann N Y Acad Sci 2005; 1053:
334-347 [PMID: 16179540 DOI: 10.1196/annals.
1344.029]
Oxenkrug GF, Bachurin SO, Prakhie 1V, Zefirov
NS. Quinone reductase 2 and antidepressant
effect of melatonin derivatives. Ann N Y Acad

1393

E1@ 15 #4

2015-03-28 | Volume 23 | Issue 9 |



J3aishideng®

18

19

20

21

22

23

24

WCJD | www.wjgnet.com

-5-

Sci 2010; 1199: 121-124 [PMID: 20633117 DOI:
10.1111/j.1749-6632.2009.05354.x]

Moosmann B, Behl C. The antioxidant
neuroprotective effects of estrogens and phenolic
compounds are independent from their estrogenic
properties. Proc Natl Acad Sci U S A 1999; 96:
8867-8872 [PMID: 10430862 DOI: 10.1073/ pnas.96.
16.8867]

Wang X, Panyda R, Yao J, Ma H, Li J. Targeting
caspases in neonatal hypoxia-ischemic brain injury
and traumatic brain injury. Neurodegeneration:
Theory, Disorders and Treatments A S McNeill,
Eds NOVA Science Publishers, Inc New York,
2010: 125-134

Barsacchi R, Kusmic C, Damiani E, Carloni P, Greci
L, Donato L. Vitamin E consumption induced by
oxidative stress in red blood cells is enhanced by
melatonin and reduced by N-acetylserotonin. Free
Radic Biol Med 1998; 24: 1187-1192 [PMID: 9626573
DOI: 10.1016/S0891-5849(97)00431-0]
Sadowska-Woda I, Wojcik N, Karowicz-Biliriska
A, Bieszczad-Bedrejczuk E. Effect of selected
antioxidants in beta-cyfluthrin-induced oxidative
stress in human erythrocytes in vitro. Toxicol In
Vitro 2010; 24: 879-884 [PMID: 19961921 DOI:
10.1016/j.tiv.2009.11.022]

Aguiar LM, Macedo DS, de Freitas RM, de
Albuquerque Oliveira A, Vasconcelos SM, de
Sousa FC, de Barros Viana GS. Protective effects
of N-acetylserotonin against 6-hydroxydopamine-
induced neurotoxicity. Life Sci 2005; 76: 2193-2202
[PMID: 15733934 DOI: 10.1016/j.1fs.2004.09.035]
Bachurin SO, Shevtsova EP, Kireeva EG,
Oxenkrug GF, Sablin SO. Mitochondria as a target
for neurotoxins and neuroprotective agents.
Ann N Y Acad Sci 2003; 993: 334-344; discussion
345-349 [PMID: 12853325]

Zhou H, Wang ], Jiang J, Stavrovskaya IG, LiM, Li W,
Wu Q, Zhang X, Luo C, Zhou S, Sirianni AC, Sarkar
S, Kristal BS, Friedlander RM, Wang X. N-acetyl-

1394

25

26

27

28

29

30

31

serotonin offers neuroprotection through
inhibiting mitochondrial death pathways and
autophagic activation in experimental models
of ischemic injury. | Neurosci 2014; 34: 2967-2978
[PMID: 24553937 DOI: 10.1523/JNEUROSCI.
1948-13.2014]

Tosini G, Ye K, Iuvone PM. N-acetylserotonin:
neuroprotection, neurogenesis, and the sleepy
brain. Neuroscientist 2012; 18: 645-653 [PMID:
22585341 DOI: 10.1177/1073858412446634]

Shen ], Ghai K, Sompol P, Liu X, Cao X, Iuvone
PM, Ye K. N-acetyl serotonin derivatives as
potent neuroprotectants for retinas. Proc Natl Acad
Sci U S A 2012; 109: 3540-3545 [PMID: 22331903
DOI: 10.1073/ pnas.1119201109]

Tang GY, Ip AK, Siu AW. Pinoline and
N-acetylserotonin reduce glutamate-induced lipid
peroxidation in retinal homogenates. Neurosci Lett
2007; 412: 191-194 [PMID: 17125922 DOI: 10.1016/
jneulet.2006.11.011]

Yang S, Jan YH, Gray JP, Mishin V, Heck DE,
Laskin DL, Laskin JD. Sepiapterin reductase
mediates chemical redox cycling in lung epithelial
cells. ] Biol Chem 2013; 288: 19221-19237 [PMID:
23640889 DOI: 10.1074/jbc.M112.402164]

Wolfler A, Abuja PM, Schauenstein K, Liebmann
PM. N-acetylserotonin is a better extra- and
intracellular antioxidant than melatonin. FEBS
Lett 1999; 449: 206-210 [PMID: 10338133 DOI:
10.1016/50014-5793(99)00435-4]

Stuss M, Wiktorska JA, Sewerynek E.
N-acetylserotonin reduces lipopolysaccharide-
induced lipid peroxidation in vitro more
effectively than melatonin. Neuro Endocrinol Lett
2010; 31: 489-496 [PMID: 20802448]

Thomadaki H, Scorilas A. BCL2 family of
apoptosis-related genes: functions and clinical
implications in cancer. Crit Rev Clin Lab Sci 2006;
43: 1-67 [PMID: 16531274 DOI: 10.1080/104083605
00295626]

Y 35 W, %

2015-03-28 | Volume 23 | Issue 9 |



